Introduction
In Part 2 of this series (Allen, Kennard, Motherwell, Town & Watson, 1973) the computer-based structural data file of the Crystallographic Data Centre was described and the information content of the various card types which form a data entry was indicated. The file relates to organic and organometallic crystal structures published since 1959. Before the published nu-* To whom all correspondence should be addressed. 1" External Staff, Medical Research Council. meric data are included in the file they must pass through an evaluation process. Therefore we have developed, over the past few years, an extensive computer procedure to establish the connectivity of covalently bonded atomic groupings and check, as far as possible, the internal consistency of the numeric data, i.e. cell dimensions, space-group symmetry, atomic coordinates and bond lengths. The program, UNIMOL, is designed to cope with a wide variety of error situations and, as a result, long periods of unattended data processing are possible. Numeric data for some 7000 structures have now been processed.
It is the output from UNIMOL, rather than the original data, which is stored in our file and which forms the basis for further work. For example we have recently used a subset of the file, corresponding to the 1960-65 literature, to prepare a compendium of interatomic distances (Kennard, Watson, Allen, Isaacs, Motherwell, Pettersen & Town, 1973a, b). For this volume the evaluated primary data were used to compute bond lengths, bond angles and torsion angles, and to prepare crystallographic stereo diagrams. It is envisaged that subsets of the file will be used by ourselves and others in various areas of crystallography and in related fields.
We would like to advocate the use of a program of this type prior to the publication of a structural paper since it would ensure that the table of published coordinates refers to chemically meaningful residues, rather than the coordinates of an arbitrary asymmetric unit. This facilitates the use of crystallographic information by workers in other fields. The basic methods employed, with some simplifications, are applicable in the early stages of a structural analysis, for example in identifying covalently bonded fragments in an E map (Declercq, Germain, Main & Woolfson, 1973) .
Throughout the discussion which follows the reader is advised to refer to Fig. 1 which shows A~o. R~SlU0e¢|) c~ct coo~olllYzst~|~ctzo~)c) O|te~IOR*lC eooluslll~sYzo~s) or ionic moiety. We refer to each unique bonded set of atoms as a residue. The crystal chemical unit contains the atoms of the standard asymmetric unit, together with any atoms generated by the crystallographic symmetry which are bonded to it. The chemical constitution so derived is directly comparable with the residue formulae adopted in the Bibliographic File (Kennard, Watson & Town, 1972) ..Examples of this notation are shown in Fig. 2 . The search routine which generates the crystal chemical unit is based on the method of Rollett (1961) . Two atoms ( The initial procedure for any data entry is to establish the atomic coordinates, constitution and connectivity of the 'crystal chemical unit'. The coordinates reported by authors in some cases do not refer to the same crystallographic asymmetric unit, and in many cases this unit contains only a simple fraction of the molecule under study, and may contain more than one molecular is generated with formulae C5 and C20 respectively. DATA CENTRE. PART 3 can be bypassed by introducing special values into any data entry. The search follows a cyclic path until all atoms have been assigned a residue number and the connectivity of the system logged. If symmetry-generated atoms form a part of the crystal chemical unit their names are derived from the 'parent' atom of the standard asymmetric unit, with an alphabetic code added to indicate the generating operator. The chemical formula of each residue is then listed.
The second major process is the construction of the bond-length comparison table. Using the definitions of equation (1) above, and letting the authors' reported bond length be d (0")bond, the following tests are applied:
the bond is flagged as short.
the bond is flagged * and the discrepancy noted.
the bond is flagged ** and the discrepancy noted.
The table is assembled residue by residue and each unique bond length is listed once only, i.e. while the connectivity logged above is redundant the bond-length list is non-redundant. When all residues have been treated the numbers of short, * and ** bonds are totalled. In order to check the completeness of the table two categories of omissions are recorded: (i) bonds reported in the publication but not found in the calculation;
(ii) bonds found in the calculation but not reported in the publication.
These two lists are merged and the d(ij) values sorted into increasing order. This provides a useful check on our punching, and occasionally reveals errors in publications.
At this stage four simple valency checks are performed to ensure that the mandatory valency requirements of certain elements are not violated. Errors are recorded if:
(i) an unbonded atom is not one of: N, O, Li, Na, K, Rb, Cs, Mg, Ca, Ba, Br, F, C1, Br, I;
(ii) H, D, F, CI, Br or I is bonded to more than one other atom;
(iii) O is bonded to more than two other atoms; (iv) C or N is bonded to more than four other atoms.
Since violations of these rules are sometimes permitted (e.g. ClOg) an option exists to bypass the valency checks.
In the valency-angle calculation which follows no attempt has been made to produce a non-redundant list. We do not record reported valence angles in the file and no checking is performed.
The last major process is the conversion of the connectivity into the form of atom chains and ring closures, and thence into a compact form suitable for card output. We will describe the procedure with reference to the (hypothetical) structure in Fig. 3(a) . This is a tworesidue crystal chemical unit with formulae: residue 1 C12F4N 2 residue2 H20.
The formation of the chain and ring-closure lists proceeds as follows"
(i) Starting with the first residue, the atoms with the greatest number of connexions are located. In our example eight atoms have three connexions and the first of these [C(1)] is chosen as the start of the main or 'backbone' chain of the residue.
(ii) The next atom chosen will be the one with the greatest number of connexions and bonded to C(1). Atom C(2) will be chosen since it occurs earlier in the atom input list than C(6). This selection procedure is followed to assemble the remainder of the chain: C(3) will be the third atom since it has more connexions than F(1). The only restriction in chain formation is that rings shall not be formed; thus the bond C(6)-C(1) is ignored in the 'backbone' chain, but is logged separately as a ring closure.
(iii) When the 'backbone' has been established, together with its associated ring closures, the chain is examined in reverse order for primary branch points. If necessary secondary, tertiary and higher-order chains are also recorded using the rules above. In the example the four primary single-atom chains involving the fluorine atoms complete the description of residue 1. Thus the connectivity of any residue is completely logged when the first atom of the 'backbone' is reached.
(iv) The second and subsequent residues are now examined using steps (i)-(iii) above.
The connectivity information thus assembled is output residue by residue; for the example of Fig. 3(a) the output is shown in Table 1 .
In order to code this information in a compact form for card image output each atom is given a sequence number which designates the order in which it was used in the chain generation process. In our example C(1) is I, C(2) is 2, N(1) is 14 and F(2B) is 15 [since C(5B) was used in chain 1 as no. 12]. The structure is shown in terms of sequence numbers in Fig. 3(b) ; note that the second residue is numbered sequentially following the first.
The connectivity sequence is coded on output CONSQ records in the form of atom names. Chains are coded as integer sequence numbers on CONCH cards, ring closures are similarly recorded on CONRI. The start of a new residue is indicated by a negative sequence number on CONCH, and the start of a new chain within any residue by a natural drop in sequence number caused by the back-tracking procedure [see (iii) above] used to establish branch points. The example would be coded as shown in Table 2 where the integer immediately following the card type is simply a card-type sequence number.
The program will optionally produce axial projection plots on the line printer. Usually all three plots are output. Partial or complete overlap of atoms is taken into account, only the upper atom being printed, with a statement of the overlap at the end of each plot. Part 2 of this series (Allen, Kennard, Motherwell, Town & Watson, 1973) . Some of these flags are set manually, either at registration time or during clerical or scientific checking; others, chiefly recording the presence of errors, are set automatically by UNIMOL. The form of the output data entry is determined by the contents of UNISUM. If an error condition has occurred, i.e. if short bonds, comparison at the ** level or valency errors are present, or the program has detected errors in the input data, then the output data entry is the same as that input with the addition of an updated UNISUM card. If no errors are detected the output data entry is as above but with the input atomic coordinates replaced by those for the complete crystal chemical unit, and with the compact connectivity information (e.g. Table 2 ) added.
Program details
The program is written in FORTRAN IV and was implemented initially on an IBM 360/44 with 256 k byte store. It was recently transferred to an IBM 370/165 with one megabyte of 2ps store and 8 k bytes of 80 ns buffer store. The program can handle up to 400 atoms in the crystal chemical unit using 250 k bytes of store on the latter machine. The c.p.u, time required by each compound is printed out (see Fig. 1 ) and averages to ca. 2 s over several hundred structures of widely varying complexity.
The summary card 'UNISUM' and the output data entry
The presence of a card which summarizes information pertinent to each data entry has been mentioned in
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Introduction
Most of the crystal structures met with in metallurgy and in other branches of materials science are cubic or uniaxial, i.e. tetragonal, hexagonal or rhombohedral.
Zonal nets of crystals can readily be observed by electron diffraction or by X-ray precession photographs or can be derived from X-ray powder patterns by means of a zone-finding procedure as devised by de Wolff (1958) . In all these cases it may be of interest to know beforehand whether a given net can belong to one of the above-mentioned highly symmetrical lattices or not. Moreover, the procedures presented in this paper may help to index powder patterns of these lattices in the case of many absences or extreme axial ratios if at least one zone can be established.
Each zone of a hexagonal, rhombohedral or tetragonal (and afortiori of a cubic) lattice possesses a rectangular supermesh or is rectangular itself. The index I of this supermesh provides a first clue with respect to the compatibility of the zonal net with one of the crystal systems mentioned. If 1= 3, for instance, the net may belong to a rhombohedral, but not to a tetragonal or hexagonal lattice, if I= 5 it is compatible only with a tetragonal lattice.
A zonal net is characterized by its quadratic form (zx~,z22,z12), where z~j is the scalar product of the basis vectors b~' and b~. of the net" z,j=b*.b~.; (i,j=1,2).
(1)
This quadratic form is just a short symbol for the metric tensor Z = {z~j}. Each basis vector of a zonal net is a vector b* = hiaf + k~a~ + l~aJ (hi, k~, l~ integer, i = 1,2) of the reciprocal lattice; the vectors b~' and b~ define the zonal axis b = V(b~' x b~) = ual + va2 + wa3 where V= (ai,a2,a3).
Rectangular supermeshes of tetragonal, hexagonal and rhombohedral zonal planes

Tetragonal lattices
The rectangular supermesh of the [u,v,w] zone (u,v,w coprime integers) of a primitive tetragonal lattice is defined by the following theorem 1 which can readily be verified by the reader. A number t which satisfies t=u'2+v '2, where u' and l" are coprime integers, is called a primitive tetragonai number. Every divisor of a primitive tetragonal number is another primitive tetragonal number as is known from the theory of numbers. 
